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Background of the Invention 

The therapeutic benefit of many compounds is limited 
by low uptake of the compound by the target cells or by 
intracellular breakdown of the compound after uptake. 
5 Generally, for maximum therapeutic benefit, delivery of 
the compound to the cytoplasmic compartment of the cell, 
where translation of mRNA and protein synthesis take 
place and where there is a direct link to the nucleus, is 
desired. For many small, uncharged compounds, permeation 

10 across the cell membrane may allow relatively efficient 
uptake by the cell. However, for a variety of larger 
and/or charged compounds, such as proteins, nucleic 
acids, and highly water soluble charged organic com- 
pounds, passive uptake by permeation across the cell 

15 membrane is more limited. 

Several methods for improving uptake of such com- 
pounds into cells have been proposed. For example, a 
drug can be administered in modified or prodrug form for 
transport into cells and then undergo enzymatic conver- 

20 sion to an active form within the cells. 

Alternatively, the cellular processes of phagocyto- 
sis or endocytosis may be used, where drug-containing 
particles are engulfed by the cells. However, this 
approach is limited to certain cell types, for example, 

25 phagocytosis is limited to cells of monocyte lineage and 
to certain other myeloid cells, such as neutrophils, and 
endocytosisv limited to mesenchymal cells, such as vascu- 
lar endothelial cells and fibroblasts. Another 
limitation of this approach is that in the normal course 

30 of intracellular processing, particles are exposed to the 
acidic endosome/lysosome compartments and a host of 
degradative enzymes, including proteases, lipases and 
nucleases, resulting in degradation of the therapeutic 
compound, unless an escape from such processing is 

3 5 engineered into the system. 
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Still another approach to enhancing drug uptake by 
cells involves the use of fusogenic particles designed to 
fuse with the surface membrane of a target cell, 
releasing the particle contents into the cytoplasmic 
5 compartment of the cell. Inactivated and reconstituted 
virus particles have been proposed for this purpose, 
particularly in gene therapy where large nucleic acid 
strands are introduced into cells. Virus-like particles 
composed of fusion-promoting viral proteins embedded in 
10 artificial lipid bilayer membranes are another example. 
However, safety concerns and the expense associated with 
growing, isolating, and deactivating viral components 
limit these approaches. 

15 Summary of the Invention 

The invention includes, in one aspect, a liposome 
composition for fusion with a target membrane of a cell, 
liposome, or the like. The composition includes a 
suspension of liposomes designed for targeting to the 

20 target membrane. Each liposome contains a therapeutic 
agent entrapped in the liposomes, an outer liposome 
surface having a coating of chemically releasable hydro- 
philic polymer chains, and hydrophobic polymers on the 
liposome outer surface. The polymers are initially 

25 shielded by the hydrophilic polymer coating, then exposed 
for fusion with the target membrane when the hydrophilic 
polymer coating is chemically released. 

The hydrophilic polymer and hydrophobic polymer 
preferably form a diblock copolymer in which the two 

3 0 polymer components are joined by a chemically releasable 
bond, such as a disulfide bond, pH sensitive bond, 
enzymatically cleavable bond, or photochemically cleav- 
able bond. 

Where the liposomes are designed to have an extended 
35 blood circulation time, the hydrophilic polymer coating 
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is preferably composed of polymer chains of polyethylene- 
glycol , polyvinylpyrrolidone , polyvinylmethylether , 
polymethyloxazoline , polyethyloxazoline , polyhydroxy- 
propyloxazoline , polyhydroxypropylmethacrylamide , poly- 
5 methacrylamide , polydimethylacrylamide , polyhydroxy- 
propylmethacrylate , polyhydroxyethylacrylate , hydroxy- 
methylcellulose , hydroxyethylcellulose , polyethylenegly- 
col, or polyaspartamide . The polymer chains have a 
preferred molecular weight of between about 500-10,000 
10 daltons 

The hydrophobic polymer is preferably a chain of 
polypropylene oxide, polyethylene, polypropylene, poly- 
carbonate, polystyrene, polysulfone, polyphenylene oxide 
or polytetramethylene ether. The polymer chains have a 

15 preferred molecular weight of between 500-3,000 daltons. 

More generally, the hydrophobic polymer is 
preferably a linear polymer effective to cause hemolysis 
of red blood cells when a water-soluble triblock co- 
polymer containing the hydrophobic polymer and hydro- 

20 philic polymer chains joined to opposite ends of the 
hydrophobic polymer chains by disulfide bonds is incu- 
bated with the cells, and the incubate is treated with a 
reducing agent. 

The composition may further include an unshielded 

25 ligand attached to the hydrophilic polymer coating, 
effective for ligand-specif ic binding to a receptor 
molecule on a target cell surface prior to chemical 
release of the hydrophilic polymer coating. As examples, 
the unshielded ligand may be (i) folate, where the 

3 0 composition is intended for treating tumor cells having 
cell -surface folate receptors, (ii) pyridoxyl, where the 
composition is intended for treating virus -infected CD4-f 
lymphocytes, or (iii) sialyl Lewis x, where the composi- 
tion is intended for treating a region of inflammation. 
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Alternatively, or in addition, the composition may 
further include a shielded ligand attached to the lipo- 
some, effective to bind to target cell surface receptor 
molecules only after chemical release of the hydrophilic 
5 polymer coating. 

In a related embodiment, the liposomes contain a 
shielded cationic lipid effective to impart a positive 
liposome-surf ace charge, to enhance binding of liposomes 
to target cells only after chemical release of the 
10 hydrophilic polymer coating. 

The agent to be delivered may be a polynucleotide 
capable of expressing a selected protein, when taken up 
by a target cell, an oligonucleotide or oligonucleotide 
analog designed for binding to a specific-sequence 
15 nucleic acid in the target cells, or any other thera- 
peutic polymer or small -molecule therapeutic or diagnos- 
tic agent. 

In another aspect, the invention includes a method 
of delivering a compound to target cells in a subject, by 

20 parenterally administering the above liposome composition 
to a subject, then contacting the liposomes at the target 
cells with a cleaving agent effective to release the 
hydrophilic polymer chains forming the surface coating, 
to expose hydrophobic polymers on the liposome outer 

25 surface for interaction with outer cell membranes of the 
target cells and thereby promote fusion of the liposomes 
with the target cells. 

In one general embodiment, the hydrophilic polymer 
chains are releasably attached to the liposome via a 

30 reducible chemical linkage, and the contacting step 
includes administering a reducing agent, such as cys- 
teine, glutathione or ascorbate, to the subject. 

In another general embodiment, the hydrophilic 
polymer chains are releasably attached to the liposomes 

35 via a pH sensitive chemical linkage, and the contacting 
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Step includes targeting the liposomes to a site, such as 
a solid-tumor site, having a pH effective to release the 
chains. For tumor targeting, the liposomes preferably 
have sizes in the 0.03-0.2 /xm for extravasation into a 
5 solid tumor region. 

Also disclosed is a method for screening a hydropho- 
bic polymer for fusogenic activity with a target mem- 
brane, i.e., a hydrophobic polymer suitable for use in 
the composition of the invention. The method includes 

10 adding to a suspension of target cells, a triblock 
copolymer composed of a segment of the hydrophilic 
polymer to be tested, and attached to each end of the 
polymer segment, through a chemically releasable bond, a 
hydrophilic polymer segment effective to solubilize the 

15 hydrophobic polymer segment in the suspension. The 
suspension is then treated to release the hydrophilic 
polymers, to expose said hydrophobic segments to said 
target cells. The suspension of cells, e.g., red blood 
cells, is then analyzed for lysis, e.g., hemolysis. 

2 0 These and other objects and features of the inven- 

tion will be more fully appreciated when the following 
detailed description of the invention is read in conjunc- 
tion with the accompanying drawings. 

25 Brief Description of the Drawings 

Fig. 1 is a schematic illustration of a liposome 
prepared in accordance with one embodiment of the inven- 
tion; 

Figs. 2A and 2B are schematic illustrations of 
30 diblock copolymer lipid conjugates useful in the present 
invention; 

Fig. 3 is a schematic illustration of a vesicle- 
forming lipid with an attached ligand; 

Fig. 4 shows a reaction scheme for preparation of a 
35 PEG-PPO-PEG triblock copolymer; 
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Fig. 5 illustrates several -S-S- linkages and their 
relative susceptibility to cleavage by a nucleophile; 

Figs. 6A-6B show a reaction scheme for preparation 
of a diblock polymer of polyethylene glycol and poly- 
5 propylene oxide covalently linked through a disulfide 
linkage and attached to a diacyl lipid; 

Fig. 7 shows an exemplary labile disulfide bond 
linking polyethylene glycol and polypropylene oxide 
polymer segments; 
10 Figs. 8A-8B are plots of relative lucif erase units 

(RLU) per mg protein in the lung (Fig. 8A) and the liver 
(Fig. 8B) after in vivo administration to mice of lipo- 
some/plasmid complexes, where the liposomes had an outer 
surface coating of polyethyleneglycol by including in the 
15 liposome 2.5 mole percent of PEG covalently attached to 
DSPE (PEG) , 1 mole percent of PEG covalently attached to 
DSPE and 1 mole percent of PEG attached to DSPE by a 
releasable bond (PEG+R-PEG) or 2.5 mole percent of PEG 
attached to DSPE by a releasable bond (R-PEG) ; and 

2 0 Figs. 9A-9B show reaction schemes for attachment of 

folic acid (Fig. 9A) and pyridoxal (Fig. 9B) to end 
functionalized polyethylene glycol attached to distearyl 
phosphatidylethanolamine . 

25 Detailed Description of the Invention 

I . Liposome Composition 

The present invention includes a fusogenic liposome 
composition for fusion with a target membrane. Target 
membrane, as used herein, refers to a lipid bilayer 

3 0 membrane, for example, a bilayer membrane of a biological 

cell, a liposome or an artificial planar membrane. In a 
preferred embodiment, the fusogenic liposome composition 
of the invention is for use in delivery of a liposome- 
entrapped compound to the cytoplasmic compartment of a 
35 target biological cell. 
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The composition includes liposomes, typically in 
suspension form, of the type described now with respect 
to Fig. 1, which shows a representative liposome 10. The 
liposome is composed of vesicle-forming lipids, such as 
5 lipids 12, which each include head groups, such as groups 
12a and typically two diacyl hydrophobic lipid chains, 
such as indicated at 12b. Exemplary liposome- forming 
lipids are given below. 

The liposome has an outer surface coating 14 of 

10 hydrophilic polymer chains, such as chains 16, 18, which 
are preferably densely packed to form a brushlike coating 
effective to shield liposome surface components, as 
described below. According to an important feature of 
the invention, the hydrophilic polymer chains are con- 

15 nected to the liposome lipids, or to hydrophobic chains 
connected to liposome lipids, by chemically releasable 
bonds -- that is, covalent chemical bonds that can be 
released by a suitable cleaving agent, such as a reducing 
agent, a reduced or elevated pH, a hydrolytic enzyme, or 

20 a photolytic stimulus, as described further below. 

As shown in Fig. 1 and in detail in Fig. 2A, 
hydrophilic polymer chain 16 forms the distal end of a 
diblock copolymer lipid conjugate 20 having a vesicle- 
forming lipid moiety 2 0a and a diblock copolymer moiety 

25 20b, Diblock copolymer moiety 20b, in turn, consists of 
a hydrophobic chain 22 which is covalently bound at its 
proximal end to the polar head group of lipid moiety 2 0a. 
Hydrophobic chain 22 is bound at its distal end to 
hydrophilic polymer chain 16 through a chemically releas- 

3 0 able bond 24. 

Hydrophilic chain 18, by contrast, is directly 
linked to the polar head group of a vesicle- forming lipid 
26 through a chemically releasably bond 28. 

As indicated above, hydrophilic polymer chains, such 

35 as such as segment 16 in conjugate 20, are included in 
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liposome 10 as part of the diblock polymer moiety of 
vesicle-forming lipids on the outer surface of the 
liposomes. It will be appreciated that the hydrophilic 
polymer segment in a diblock conjugate functions to 
5 enhance the water solubility of the associated hydro- 
phobic chain, to prevent destabilization of the liposome 
membrane by partitioning of the hydrophobic chains into 
the liposome bilayer region. As will be discussed below, 
such destabilization is advantageous in promoting lipo- 

10 some/cell membrane fusion, but is undesirable prior to 
the fusion event, i.e., during liposome storage, admini- 
stration and biodistribution to a target site. The types 
and molecular weights of the hydrophilic and hydrophobic 
segments suitable for achieving these effects are dis- 

15 cussed below. 

In addition to their role in " solubilizing" the 
hydrophobic chains, and shielding them from interactions 
with other bilayer membranes, the hydrophilic chains also 
preferably have a surface density sufficient to create a 

20 molecular barrier effective to substantially prevent 
interaction of serum proteins with the liposome surface. 
As such, the hydrophilic chain coating is effective to 
extend the circulation time of liposomes in the blood- 
stream for periods up to several hours to several days. 

25 In the latter embodiment, the hydrophilic chains are 

preferably present in the outer lipid layer of the 
liposomes in an amount corresponding to between about 1- 
20 mole percent of the liposome surface lipids, with 
lower molecular weight polymers, e.g., 500 daltons, being 

30 present at a higher density, e.g., 20 mole percent, and 
higher molecular weight polymer chains, e.g., 10,000 
dalton chains, being present at a lower density, e.g., 1- 
5 mole percent . 

The percent of hydrophobic chains, i.e., the percen- 

35 tage of diblock lipid conjugates in the liposomes, 
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typically ranges between about 5-100% of the total 
surface lipids containing conjugated hydrophilic poly- 
mers. Thus, for example, in a liposome formulation 
containing 5 mole percent hydrophilic polymer liposome- 
5 surface lipids, and 50% diblock lipid conjugates, the 
hydrophobic polymer would constitute 50% x 5%, or 2.5 
mole percent, of the surface lipids. 

Liposome 10 may further include unshielded surface 
ligands, such as ligand 30, for targeting the liposomes 

10 to a specific target membrane -- for example to a speci- 
fic tissue region or cell type or to a liposome or planar 
membrane bearing appropriate surface receptor molecules. 
As seen best in Fig. 2B, ligand molecule 30 is carried at 
the distal end of a hydrophilic polymer chain 32, such as 

15 the chain in a diblock copolymer lipid conjugate 34 of 
the type described in Fig. 1. Means for conjugating the 
ligand to the distal end of a hydrophilic polymer chain 
are well known. The placement of the ligand at or near 
the distal ends of the polymer chains, i.e., unshielded 

20 by the hydrophilic polymer coating, allows the ligand to 
interact with a target cell containing a ligand-specif ic 
surface receptor, prior to removal of the hydrophilic 
chains from the liposomes. 

In addition to the liposome components just de- 

25 scribed, the liposomes may further include one or more 
liposome-surf ace components which are shielded from 
interaction with target cells until after the removal of 
the hydrophilic polymers. In one general embodiment, and 
with reference to Figs. 1 and 3, the shielded component 

3 0 is a ligand, such as ligand 36, coupled to the polar head 
group 38 of a vesicle-forming lipid 40. The purpose of 
the ligand is to bind specifically with a cell receptor 
after removal of the hydrophilic polymer coating, to 
force the liposome into proximity with the cell membrane, 
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to enhance the interaction of hydrophobic polymer chains 
on the liposomes with the target-cell lipid bilayer. 

Alternatively, or in addition, the shielded surface 
component may include vesicle-forming lipids with posi- 
5 tively charged polar groups, such as indicated at 42 in 
Fig. 1. The positive surface charge on the surface of 
the liposomes is shielded by the hydrophilic coating, 
during liposome biodistribution to the target site. 
After removal of the hydrophilic coating, electrostatic 

10 interaction between the positive liposome surface charge 
and the negatively charged target cell acts to draw the 
liposome into more intimate contact with the cell, to 
promote fusion mediate by the hydrophobic polymer chains. 
Finally, the liposome is prepared to contain one or 

15 more therapeutic or diagnostics agents which are to be 
delivered to the target cell site. As used herein, 
therapeutic or diagnostic agent, compound and drug are 
used interchangeably. The agent may be entrapped in the 
inner aqueous compartment of the liposome or in the lipid 

20 bilayer, depending on the nature of the agent. Exemplary 
therapeutic agents are described below. 

A. Vesicle -Forming Lipid Component 
The liposome composition of the present invention is 
25 composed primarily of vesicle-forming lipids. Such a 
vesicle- forming lipid is one which (a) can form sponta- 
neously into bilayer vesicles in water, as exemplified by 
the phospholipids, or (b) is stably incorporated into 
lipid bilayers, with its hydrophobic moiety in contact 
3 0 with the interior, hydrophobic region of the bilayer 
membrane, and its head group moiety oriented toward the 
exterior, polar surface of the membrane. 

The vesicle- forming lipids of this type are pref- 
erably ones having two hydrocarbon chains, typically acyl 
3 5 chains, and a head group, either polar or nonpolar. 
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There are a variety of synthetic vesicle- forming lipids 
and naturally-occurring vesicle-forming lipids, including 
the phospholipids, such as phosphatidylcholine, phospha- 
tidylethanolamine , phosphatidic acid, phosphatidyl - 
5 inositol, and sphingomyelin, where the two hydrocarbon 
chains are typically between about 14-22 carbon atoms in 
length, and have varying degrees of unsaturation. The 
above-described lipids and phospholipids whose acyl 
chains have varying degrees of saturation can be obtained 

10 commercially or prepared according to published methods. 
Other suitable lipids include glycolipids and sterols 
such as cholesterol . 

Preferred diacyl-chain lipids for use in the present 
invention include diacyl glycerol, phosphatidyl ethanol- 

15 amine (PE) and phosphatidylglycerol (PG) . These lipids 
are preferred for use as the vesicle-forming lipid, the 
major liposome component, and for use in the polymer- 
lipid diblock conjugates and lipids with directly linked 
hydrophilic polymer chains, which together are preferably 

20 included in the liposome outer layer at a mole ratio 
between about 1-20 mole percent. 

Additionally, the vesicle-forming lipid is selected 
to achieve a specified degree of fluidity or rigidity, to 
control the stability of the liposome in serum and to 

25 control the rate of release of the entrapped agent in the 
liposome. The rigidity of the liposome, as determined by 
the vesicle-forming lipid, may also play a role in fusion 
of the liposome to a target cell, as will be described. 

Liposomes having a more rigid lipid bilayer, or a 

30 liquid crystalline bilayer, are achieved by incorporation 
of a relatively rigid lipid, e.g., a lipid having a 
relatively high phase transition temperature, e.g., up to 
60°C. Rigid, i.e., saturated, lipids contribute to 
greater membrane rigidity in the lipid bilayer. Other 

3 5 lipid components, such as cholesterol, are also known to 
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contribute to membrane rigidity in lipid bilayer struc- 
tures . 

On the other hand, lipid fluidity is achieved by 
incorporation of a relatively fluid lipid, typically one 
5 having a lipid phase with a relatively low liquid to 
liquid-crystalline phase transition temperature , e.g., at 
or below room temperature. 

In one embodiment of the invention, the liposomes 
are prepared with a relatively rigid lipid to impart 

10 rigidity to the lipid bilayer. In this embodiment, the 
lipids forming the liposomes have a phase transition 
temperature of between about 37-42°C. In a preferred 
embodiment, the vesicle forming lipid is distearyl 
phosphatidylcholine (DSPC) , which has a phase transition 

15 temperature of 42 °C. 

In another embodiment of the invention, the lipids 
forming the bilayer vesicle, i.e., liposome, are effec- 
tive to impart a positive liposome-surf ace charge. Such 
lipids include those typically referred to as cationic 

20 lipids, which have a lipophilic moiety, such as a sterol, 
an acyl or diacyl chain, and where the lipid has an 
overall net positive charge. Preferably, the head group 
of the lipid carries the positive charge. Exemplary 
cationic lipids include 1 , 2 -dioleyloxy-3 - ( trimethylamino) 

25 propane (DOTAP) ; N- [1- (2 , 3 , -ditetradecyloxy) propyl] -N, N- 
dimethyl-N-hydroxyethylammonium bromide (DMRIE) ; N- [1- 
(2,3, -dioleyloxy) propyl] -N, N-dimethyl -N-hydroxy ethylam- 
monium bromide (DORIE) ; N- [1- (2 , 3 -dioleyloxy) propyl] - 
N,N,N-trimethylammonium chloride (DOTMA) ; 3/6 [N- (N' ,N' - 

30 dimethylaminoe thane) carbamoly] cholesterol (DC-Chol) ; 
and dimethyldioctadecylammonium (DDAB) . 

The cationic vesicle-forming lipid may also be a 
neutral lipid, such as dioleoylphosphatidyl ethanolamine 
(DOPE) or an amphipathic lipid, such as a phospholipid, 

35 derivatized with a cationic lipid, such as polylysine or 
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other polyamine lipids. For example, the neutral lipid 
(DOPE) can be derivatized with polylysine to form a 
cationic lipid. 

5 B . Releasable Polymer Coating 

As described above, the hydrophilic polymer coating 
is formed by including, at least in the outer lipid layer 
of the liposomes, vesicle-forming lipid conjugates 
containing a diblock copolymer conjugate of the type 

10 shown in Fig. 2A, and optionally, hydrophilic polymers 
directly linked to the head group of a vesicle- forming 
lipid, as shown in Fig. 3. 

Suitable hydrophilic polymers for use in the conju- 
gates, where the polymers are also intended to extend 

15 liposome-circulation time, include polyvinylpyrrolidone, 
polyvinylmethylether , polymethyloxazol ine , polye thyl - 
oxazoline, polyhydroxypropyloxazoline , polyhydroxypropyl- 
me t hacrylamide , polymethacrylamide , polydimethyl - 

acrylamide , polyhydroxypropylmethacrylate , polyhydroxy- 

2 0 ethylacrylate, hydroxymethylcellulose, hydroxyethyl- 

cellulose, polyethyleneglycol , and polyaspartamide . 

In a preferred embodiment, the hydrophilic polymer 
is polyethyleneglycol, preferably as a PEG chain having 
a molecular weight between 500-10,000 daltons, typically 
25 between 1,000-5,000 daltons. 

The surface coating on the liposome provided by the 
hydrophilic polymer chains provides colloidal stability 
and, at a sufficient polymer surface density, serves to 
protect the liposomes from uptake by the reticulo- 

3 0 endothelial system, providing an extended blood circula- 

tion lifetime for the liposomes to reach the target 
cells. The extent of enhancement of blood circulation 
time is preferably severalfold over that achieved in the 
absence of the polymer coating, as described in co-owned 
35 U.S. Patent No, 5,013,556. Methods for preparing diblock 
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and directly linked lipid-hydrophilic polymer conjugates 
are discussed below. 

C . Hy dr ophob i c Pol vme r 
5 As described above, the fusogenic liposomes include 

a hydrophobic polymer for promoting fusion between the 
liposome and the target cell membrane. The hydrophobic 
polymer is included in the liposomes as part of the 
diblock copolymer lipid conjugate, and is directly 

10 attached to the head group of a vesicle-forming lipid, 
such as a diacyl-chain lipid, as will be described below 
with respect to Figs. 6A-6B (Example 2). 

Exemplary hydrophobic polymers suitable for use in 
the block copolymer of the diblock copolymer- lipid 

15 conjugate include polypropylene oxide, polyethylene, 
polypropylene , polycarbonate , polystyrene , polysulf one , 
polyphenylene oxide and polytetramethylene ether. 
Preferably, the hydrophobic polymer has a molecular 
weight of between 100-5,000 daltons, more preferably 

20 between 500-3 , 000 daltons . 

In one preferred embodiment, the hydrophobic polymer 
is polypropylene oxide (PPO) having a molecular weight 
between 500-3,000 daltons. 

A method for determining hydrophobic polymers and 

25 molecular weights suitable for use in the fusogenic 
liposomes described herein is included in another aspect 
of the invention. In this method, the fusogenic activity 
of a selected hydrophobic polymer with a target membrane 
is determined by attaching a hydrophilic polymer segment 

30 to at least one end, and preferably to each end of the 
hydrophobic polymer. The hydrophilic polymer segments 
are attached to the hydrophobic segment ends by a releas- 
able linkage, as described below. The tri -block copoly- 
mer is added to a suspension of target cells, for exam- 

35 pie, a suspension of erythrocytes. The hydrophilic 
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polymer segments are released from the hydrophobic 
segment, by cleavage of the releasable linkage, exposing 
the hydrophobic segments to the outer membrane of the 
target cells. The target cells are then analyzed for 
5 lysis, e.g., hemolysis of erythrocytes. 

Example 1 describes preparation of a tri -block 
copolymer for determining the fusogenic activity of a 
hydrophobic polymer. As outlined in Example 1 and shown 
in Fig. 4, a tri -block copolymer composed of PPO and PEG 

10 is prepared by first forming an intermediate mPEG-DTP-OSu 
(compound III) by reacting methoxypoly (ethylene 
glycol) amine (compound I) with an excess of di- 
thiobis (succinimidyl propionate) (DTSP, compound II) 
dissolved in dimethyl formamide (DMF) . PPO-diamine 

15 (compound IV) is reacted with a slight excess of mPEG- 
DTP-OSu (compound III) to form a di-PEGylated PPO product 
(compound V), e.g., mPEG-PPO-mPEG, where the polymer 
blocks are joined by cleavable disulfide linkages. 

This tri-block copolymer is tested for fusion 

20 promoting activity, as described in Example IC, by 
solubilizing the polymer in saline and adding it to a 
suspension of red blood cells. Dithiotreitol (DTT) is 
added to reduce the disulfide bonds, releasing the 
hydrophilic polymer segments and exposing the hydrophobic 

25 polymer to the red blood cells. The sample is incubated 
and the hemolytic activity of the PPO is determined by 
analyzing the cells for hemolysis by optical density, or 
another suitable technique. 

It will be appreciated that the target cells can be 

30 biological cells, such as erythrocytes, liposomes or 
planar artificial membranes. The liposomes can have an 
encapsulated fluorophore or other material suitable for 
analysis following lysis of the liposome. 

The releasable linkage in the screening method can 

3 5 be a chemically releasable linkage, a pH sensitive 
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linkage, a light sensitive linkage or a heat sensitive 
linkage. The linkage is cleaved by exposure to the 
appropriate stimulus, such as a chemical reducing agent, 
heat, change in pH or light. 
5 It will be appreciated that any hydrophobic polymer, 

such as those listed above, can be releasably attached to 
a hydrophilic polymer by suitable end group chemistry. 
In preferred embodiments, the hydrophobic polymer is a 
linear polymer segment of polypropylene oxide and the 

10 hydrophilic polymer is polyethylene glycol having a 
molecular weight between 1,000-5,000 daltons. 

The activity of hydrophobic polymers and the effect 
of molecular weight are readily screened by this method. 
Hydrophobic polymers having high hemolytic activity 

15 promote fusion and are suitable for use in the diblock 
copolymer- lipid conjugate of the invention. 

D . Releasable Chemical Linkage 

As described above, the liposomes of the present 

20 invention include an outer surface coating of releasable 
hydrophilic polymer chains. That is, the hydrophilic 
polymer chains are releasably attached to the liposome 
via a cleavable chemical linkage. 

Such chemical linkages include those which can be 

25 cleaved under selective physiological conditions, such as 
in the presence of enzymes or reducing agents. For 
example, ester or peptide linkages are cleaved by hydro- 
lytic enzymes, such as esterases or peptidases, and 
disulfide linkages are cleaved by reducing agents such as 

3 0 glutathione, cysteine, or ascorbate present in plasma and 
intracellularly . Other releasable linkages include pH 
sensitive bonds and bonds which are cleaved upon exposure 
to light or heat. 

In one preferred embodiment, the hydrophilic polymer 

35 chains are attached to the liposome by a pH sensitive 
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bond, and the liposomes are targeted to a site having a 
pH effective to cleave the bond and release the hydro- 
philic chains, such as a tumor region. 

In another preferred embodiment, the cleavable bond 
5 is a disulfide bond, broadly intended herein to refer to 
sulfur-containing bonds, such as those shown in Fig. 5. 
The sulfur-containing bonds are synthesized to achieve a 
selected degree of lability, as indicated in the figure, 
and include a disulfide bond, a mixed sulf ide-sulf one 

10 bond and a sulf ide-sulf oxide bond. Of the three bonds, 
the disulfide bond is least susceptible to thiolysis and 
the sulfide-sulfoxide bond most susceptible. 

Such bonds are useful to tailor the rate of release 
of the hydrophilic polymer segment from the liposome 

15 surface. For example, a very labile disulfide bond is 
preferred for liposome targeting to blood cells or 
endothelial cells, since these cells are readily acces- 
sible and a shorter liposome blood circulation lifetime 
is needed. At the other extreme, a long- lasting or 

20 hearty disulfide bond is preferred when the liposomal 
target is tumor tissue, sites of inflammation or infec- 
tion, skin or other organs, and peripheral lymphatic 
tissues. In these cases, a longer liposome blood circu- 
lation lifetime is generally needed for the liposomes to 

25 reach the desired target. 

The cleavable bond attaching the hydrophilic polymer 
chains to the liposome is cleaved in vivo typically as a 
result of change in environment, such as when the lipo- 
somes reach a specific site with a slightly lower pH, 

30 such as a region of tumor tissue, or a site with reducing 
conditions, such as a hypoxic tumor. Reducing conditions 
in vivo can also be effected by administration of a 
reducing agent, such as ascorbate, cysteine or gluta- 
thione. The cleavable bond may also be broken in re- 

35 sponse to an external stimuli, such as light or heat. 
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In experiments performed in support of the present 
invention, described below, liposomes having a releasable 
surface coating of polyethylene glycol were prepared, 
where the polyethylene glycol chains were attached to the 
5 liposome by a labile, disulfide bond. The liposomes were 
administered to mice along with a reducing agent to 
effect release of the polymer chains. Tissue analysis of 
the mice lung and liver indicates that the hydrophilic 
polymer coating are released to achieve retention of the 
10 liposomes in these organs. 

E . Ligand Molecules 

As noted above, the liposomes of the invention may 
include an unshielded (surface-exposed) ligand effective 

15 to bind to specific cell surface receptors on the target 
cell membrane. The ligand molecules are carried on 
hydrophilic polymer chains which are anchored to the 
liposome by covalent attachment to a diacyl lipid. The 
hydrophilic polymer chains may be covalently attached to 

20 a liposome -bound lipid through a conventional bond, e.g. 
irreversibly attached, or through a chemically releasable 
bond, such as those described above. 

Examples of ligands suitable for use in targeting 
the liposomes of the present invention to specific cell 

25 types are listed in Table 1. 

Table 1 

3 0 Ligand-Receptoir Pairs and Associated Target Cell 



LIGAND 


RECEPTOR 


CELL TYPE 


folate 


folate receptor 


epithelial carcinomas, 
bone marrow stem cells 


water soluble vitamins 


vitamin receptor 


various cells 


pyridoxyl phosphate 


CD4 


CD4 + lymphocytes 
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LIGAND 


RECEPTOR 


CELL TYPE 


apolipoproteins 


LDL 


liver hepatocytes, vascu- 
lar endothelial cells 


insulin 


insulin receptor 




transferrin 


transferrin receptor 


endothelial cells (brain) 


galactose 


asialoglycoprotein 
receptor 


liver hepatocytes 


sialyl Lewis x 


E, P selectin 


activated endothelial 
cells 


Mac-1 


L selectin 


neutrophils, leukocytes 


VEGF 


Flk-1, 2 


tumor epithelial cells 


basic FGF 


FGF receptor 


tumor epithelial cells 


EGF 


EGF receptor 


epithelial cells 


VCAM-1 


ot^(S^ integrin 


vascular endothelial 
cells 


ICAM-1 


a^P^ integrin 


vascular endothelial 
cells 


PECAM-1/CD31 


a^^Pj integrin 


vascular endothelial 
cells 


f ibronectin 


a^fSj integrin 


activated platelets 


osteopontin 


Qf^/?i and Qf^^s inte- 
grins 


endothelial cells and 
smooth muscle cells in 
atherosclerotic plaques 


RGD sequences of ma- 
trix proteins 


a^P-i integrin 


tumor endothelial cells, 
vascular smooth muscle 
cells 


HIV GP 120/41 or GP120 
C4 domain peptomers 


CD4 


CD4 -flymphocytes 


HIV/GP 120/41 (T cell 
tropic isolates) or 
SDF-1 chemokines 


f usin 


CD4+ lymphocytes 


HIV GP120/41 (Macro- 
phage tropic isolates) 


Chemokine receptor 
CC-CRK-5 


macrophages, dendritic 
cells 


Anti-cell surface re- 
ceptor antibodies (or 
fragments thereof) 


cell surface recep- 
^ tors 


erythrocytes, platelets 


Anti-cell surface re- 
ceptor antibodies (or 
fragments thereof) 


cell surface recep- 
tors such as CD- 34 


bone marrow stem cells 
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In one embodiment of the invention, a folate ligand 
is attached to the distal end of a PEG-derivatized 
vesicle- forming lipid, e.g., DSPE. The folate ligand is 
effective to bind to folate receptors on epithelial cells 
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for administration of an entrapped therapeutic agent to 
the target cell, for example, administration of a neo- 
plastic agent for treatment of epithelial carcinomas. 

In another embodiment, sialyl Lewis x is attached to 
5 PEG-DSPE and included in the liposome composition to 
target the liposomes to sites of inflammation, more 
specifically to cells expressing ELAM-1. Preparation of 
sialyl Lewis x-PEG-DSPE conjugate has been described 
(DeFrees, 1996) , 

10 In another embodiment of the invention, a pyridoxyl 

ligand, including pyridoxal, pyridoxine, pyridoxamine , 
pyridoxal 5' -phosphate and N- (4 ' -pyridoxyl ) amines , is 
attached to a PEG-DSPE conjugate for targeting the 
liposomes to CD4 receptors. Synthetic reaction schemes 

15 for preparing these ligand conjugates are described 
below. 

In another embodiment, the target membrane is a 
liposome, and various receptors may be incorporated into 
the target liposome for fusion with the liposomes of the 
20 current invention. 

II . Liposome Prepara t ion 



25 the present invention include a chemically releasable 
coating of hydrophilic polymer chains, where the polymer 
chains making up the coating are attached by a releasable 
bond in a diblock copolymer conjugate, and optionally, by 
a releasable bond formed at the polar end of a vesicle-^ 



polymer- lipid conjugate, where the diblock polymer is 
composed of polypropylene oxide (PPO) and PEG, linked by 
an aliphatic disulfide bond, and is attached through the 
3 5 hydrophobic chain to the vesicle -forming lipid distearyl 



A. Preparation of Releasable Polymer Coating 

As described above, liposomes in the composition of 



forming lipid. 
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preparation of a diblock co- 
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phosphatidylethanolamine (DSPE) . As shown in Figs. 6A-6B 
and detailed in Example 2, distearyl phosphatidylglycerol 

(DSPG, compound VI) is oxidized with sodium periodate 

(NaI04) and then reductively aminated with polypropylene 
5 oxide diamine (compound VIII) to form amino-PPO-DSPE 

(compound IX) . mPEG-DTP-OSu (compound III) , prepared as 
described in Example lA, is coupled to amino-PPO-DSPE 

(compound IX) to form a diblock copolymer- lipid conju- 
gate, mPEG-DTP-amido-PPO-DSPE (compound X) . Compound X 
10 has a hydrophilic terminal block polymer of PEG and an 
internal cleavable disulfide linkage to a hydrophobic 
polypropylene oxide block attached to a terminal lipid, 
DSPE. 

In the example given above (Example 2) , the cleav- 

15 able bond is a disulfide linkage; however, other linkages 
are suitable, such as peptide or ester, which can be 
cleaved under selective physiological conditions, such as 
in the presence of peptidase or esterase enzymes, A 
discussed above, disulfide linkages can be synthesized to 

20 vary in susceptibility to reduction, for purposes of 
tailoring the rate of release of the hydrophilic polymer 
coating. A reaction scheme for synthesis of a polymer 
lipid surfactant molecule where the diblock polymer 
segments (PEG and PPO) are joined by a disulfide bond 

25 having increased lability is shown in Fig. 7. mPEG-SH 
(compound XI) and Ellman's Reagent (compound XII) are 
reacted, as described in Example 3, to form mPEG-3- 
carboxy-4-nitrophenol disulfide (compound XIII) . This 
compound is reacted with amino-PPO-DSPE (compound IX) , 

30 prepared as described in Example 2A, and with dicyclo- 
hexylcarbodiimide (compound XIV) . The diblock copolymer 
lipid conjugate (compound XV) has a terminal mPEG segment 
linked to a PPO segment by a cleavable sulfur-containing 
linkage which has increased susceptibility to thiolysis. 
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Experiments were performed in support of the inven- 
tion using liposomes having a releasable coating of PEG 
chains by inclusion of compound XV in the liposomes. 
These liposomes were tested in vivo for release of the 
5 PEG chains. As described in Example 4, complexes con- 
taining cationic liposomes with the releasable coating of 
PEG chains and a lucif erase-bearing plasmid were pre- 
pared. The complexes were prepared by forming a cationic 
liposome -condensed plasmid complex and incubating the 

10 complex with micelles of PEG-DTP-DSPE (compound XV, Fig. 
7) , where the PEG is attached to DSPE by a cleavable 
disulfide linkage or with micelles of PEG-DSPE, where the 
PEG is attached to DSPE by a conventional, e.g., non- 
cleavable, bond (Zalipsky 1992a) . The micelles of PEG- 

15 DSPE and PEG-DTP-DSPE insert into the cationic liposomes 
with incubation at room temperature and gentle vortexing 
for 5 minutes . 

Three liposome formulations were prepared, as 
described in Example 4. In the first formulation, the PEG 

20 coating was not releasable, that is, the PEG was included 
in the liposomes as PEG irreversibly attached to DSPE. 
In the second formulation, the liposomes had a PEG 
surface coating where half of the PEG chains were releas- 
ably attached to the liposome surface, and the other half 

25 were not releasably attached. In the third formulation, 
the PEG surface coating on the liposomes was releasable. 
These formulations are indicated in Figs. 8A-8B as "PEG", 
"PEG + R-PEG" and/»R-PEG", respectively. 

The liposome complexes were administered intra- 

30 venously to mice. Five minutes after administration, the 
reducing agent cysteine was added to reduce the disulfide 
bonds, thereby releasing the releasable PEG from the 
liposomes. 24 hours after injection, the lung and the 
liver were analyzed for lucif erase activity. The re- 

35 suits, shown in Figs. 8A-8B, show that lucif erase 
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activity is higher, e.g./ more liposomes are retained in 
the tissue, for liposomes which have releasable PEG 
chains. Importantly, the data demonstrates in vivo 
release of PEG chains by reduction of a releasable 
5 linkage. Release of the PEG chains exposes the positive 
liposome surface charges of the cationic liposomes, 
enhancing binding to the negative cell membranes and 
improving retention of the liposomes in the tissues, as 
evidenced by the higher luciferase activity for the 
10 releasable-PEG liposomal formulations. 

B . Attachment of Ligand to Hydrophilic Polymer 
As described above, in one embodiment of the inven- 
tion, the liposomes in the fusogenic composition include 
15 a ligand for targeting the liposomes to a selected cell 
type or another liposome containing the proper receptor. 
The ligand is bound to the liposome by covalent attach- 
ment to the free distal end of a lipid-anchored hydro- 
philic polymer chain. 

2 0 In one embodiment of the invention, the hydrophilic 

polymer chain is PEG, and several methods for attachment 
of ligands to the distal ends of PEG chains have been 
described (Allen, Zalipsky (1993), Zalipsky (1994), 
Zalipsky (1995a), Zalipsky (1995b)). In these methods, 

25 the inert terminal methoxy group of mPEG is replaced with 
a reactive functionality suitable for conjugation reac- 
tions, such as an amino or hydrazide group. The end 
functionalized PEG is attached to a lipid, typically 
DSPE. The functionalized PEG-DSPE derivatives are 

30 employed in liposome formation and the desired ligand is 
attached to the reactive end of the PEG chain before or 
after liposome formation. 

Table 1 (discussed above) lists exemplary ligands 
for use in the liposome composition. By way of example, 

3 5 reaction schemes for attachment of folic acid and 
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pyridoxyl to the distal end of PEG-derivat ized DSPE are 
shown in Figs. 9A-9B, respectively. 

Folic acid (compound XVI) is a hematopoietic vitamin 
with a molecular weight of 441 daltons. Folic acid binds 
5 to the folate receptor, also known as the membrane folate 
binding protein, which is a membrane protein having some 
features of a receptor involved in receptor-mediated 
endocytosis. The receptor is maximally expressed on the 
surface of f olate-depleted tissue culture cells and is 

10 responsible for the high affinity accumulation of 5- 
methyltetrahydrof olic acid in the cytoplasm of these 
cells (Rothberg) . It has also been reported that high 
affinity receptors for folic acid are greatly enriched on 
certain cancer cells (Lee) . A folic acid ligand incorpo- 

15 rated into a liposome by attachment to the distal end of 
lipid-anchored hydrophilic polymer chains, would target 
the liposomes to such cancerous cells. 

Attachment of folic acid to a DSPE-PEG conjugate is 
described in Example 5 and illustrated in Fig. 9A. Folic 

20 acid is mixed with amino-PEG-DSPE (compound XVII, pre- 
pared as described by Zalipsky (1994)) and reacted in the 
presence of N-hydroxy-s-norbornene-2 , 3 -dicarboxylic acid 
imide (HONB) and dicyclohexyl-carbodiimide (DCC) to form 
a folic acid-PEG-DSPE conjugate (compound XVIII) . This 

25 conjugate is included in the lipid mixture during lipo- 
some preparation to form liposomes including a folic acid 
targeting ligand. 

Fig. 9B illustrates attachment of pyridoxal to 
hydrazide-activated PEG-DSPE. Pyridoxal and related 

30 analogues have been studied for use in facilitated 
transport of biologically active compounds (Zhang) and 
for use in AIDS therapy (Salhany) . In AIDS therapy, 
pyridoxal 5' -phosphate binds to the CD4 protein, the 
receptor for HIV-1 on T-helper cells. Pyridoxal 5'- 

35 phosphate binds tightly to soluble CD4 protein with a 
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stoichiometry of about 1 mol of pyridoxal 5'- 
phosphate/mol protein. This affinity and targeting to 
the CD4 protein is useful for targeting liposomes to T 
cells for AIDS therapy. Attachment of pyridoxal (com- 
5 pound XIX) to hydrazide activated PEG-DSPE (compound XX) 
is described in Example 6 and shown in Fig. 9B. 

As another example, the ligand sialyl Lewis x is 
attached to PEG-DSPE and included in the fusogenic 
liposome composition. Inflammation causes the expression 

10 of a polypeptide, endothelial leukocyte adhesion mole- 
cule-1 (ELAN-1 or E Selectin) , on the surface of endo- 
thelial cells of blood vessels, adjacent to sites of 
inflammation. ELAM-1, in turn, recognizes and binds the 
polysaccharide moiety sialyl Lewis x on surfaces of 

15 neutrophils, and recruits neutrophils to sites of inflam- 
mation. Sialyl Lewis x can be used to target liposomes 
to cells expressing ELAM-1 for delivery of a therapeutic 
agent. Preparation of a sialyl Lewis x-PEG-DSPE deri- 
vative has been described (DeFrees) . 

2 0 As described above with respect to Fig. 1 and Fig. 

3, the liposomes optionally contain a ligand bound to the 
surface of the lipid by attachment to surface lipid 
components. Such a ligand is initially shielded by the 
hydrophilic surface coating from interaction with target 

25 cells until after the removal of the hydrophilic poly- 
mers. Generally, such a ligand is coupled to the polar 
head group of a vesicle -forming lipid and various methods 
have been described for attachment of ligands to lipids. 
In one preferred method, the affinity moiety is 

30 coupled to the lipid, by a coupling reaction described 
below, to form an af f inity ^moiety-lipid conjugate. This 
conjugate is added to a solution of lipids for formation 
of liposomes, as will be described. In another method, 
a vesicle -forming lipid activated for covalent attachment 

35 of an affinity moiety is incorporated into liposomes. 
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The formed liposomes are exposed to the affinity moiety 
to achieve attachment of the affinity moiety to the 
activated lipids. 

A variety of methods are available for preparing a 
5 conjugate composed of an affinity moiety and a vesicle- 
forming lipid. For example, water-soluble, amine-con- 
taining affinity moieties can be covalently attached to 
lipids, such as phosphatidylethanolamine , by reacting the 
amine-containing moiety with a lipid which has been 
10 derivatized to contain an activated ester of N-hydroxy- 
succinimide . 

As another example, biomolecules , and in particular 
large biomolecules such as proteins, can be coupled to 
lipids according to reported methods. One method in- 

15 volves Schiff-base formation between an aldehyde group on 
a lipid, typically a phospholipid, and a primary amino 
acid on the affinity moiety. The aldehyde group is 
preferably formed by periodate oxidation of the lipid. 
The coupling reaction, after removal of the oxidant, is 

2 0 carried out in the presence of a reducing agent, such as 
dithiotreitol, as described by Heath, (1981) . Typical 
aldehyde- lipid precursors suitable in the method include 
lactosylceramide , trihexosylceramine , galacto cerebro- 
side, phosphatidylglycerol, phosphatidylinositol and 

25 gangliosides . 

A second general coupling method is applicable to 
thiol-containing affinity moieties, and involves forma- 
tion of a disulfide or thioether bond between a lipid and 
the affinity moiety. In the disulfide reaction, a lipid 

30 amine, such as phosphatidyl -ethanolamine, is modified to 
contain a pyridylditho derivative which can react with an 
exposed thiol group in the affinity moiety. Reaction 
conditions for such a method can be found in Martin 
(1981) . The thioether coupling method, described by 

35 Martin (1982) , is carried out by forming a sulfhydryl- 
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reactive phospholipid, such as N- (4 ) P-maleimido- 
phenyl (butyryl) phosphatidylethanolamine, and reacting the 
lipid with the thiol -containing affinity moiety. 

Another method for reacting an affinity moiety with 
5 a lipid involves reacting the affinity moiety with a 
lipid which has been derivatized to contain an activated 
ester of N-hydroxysuccinimide . The reaction is typically 
carried out in the presence of a mild detergent, such as 
deoxycholate . Like the reactions described above, this 

10 coupling reaction is preferably performed prior to 
incorporating the lipid into the liposome. „ 

The above -described coupling techniques are exem- 
plary and it will be appreciated that other suitable 
methods are known in the art and have been described, for 

15 example in U.S. Patent Nos . 6,605,630, 4,731,324, 
4,429,008, 4,622,294 and 4,483,929. 

C. Liposome Preparation 

The liposomes may be prepared by a variety of 
20 techniques, such as those detailed in Szoka, et al . , 
1980. Multilamellar vesicles (MLVs) can be formed by 
simple lipid-film hydration techniques. In this proce- 
dure, a mixture of liposome- forming lipids of the type 
detailed above dissolved in a suitable organic solvent is 
25 evaporated in a vessel to form a thin film, which is then 
covered by an aqueous medium. The lipid film hydrates to 
form MLVs, typically with sizes between about 0.1 to 10 
microns. 

The lipid components used in forming the fusogenic 
30 liposomes of the present invention are preferably present 
in a molar ratio of about 70-90 percent vesicle-forming 
lipids, 1-20 percent diblock copolymer lipid conjugate 
and 0.1-5 percent of a lipid having an attached ligand 
molecule. As noted above, the hydrophilic polymer added 
35 may consist entirely of diblock copolymer lipid conjugate 
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or a combination of diblock copolymer lipid conjugate and 
polymer directly linked to a lipid. Ideally, the per- 
centage of diblock lipid conjugate in this mixture is the 
maximum percentage that is consistent with liposome 
5 stability. Thus, to optimize the formulation for a 
particular diblock lipid composition, one would select 
various ratios of the two types of hydrophilic polymer 
lipids, and use the highest ratio that gave good liposome 
stability, as evidenced, for example, by a low rate of 

10 leakage of a fluorescent reporter from the liposomes. 
Preferably, the amount of diblock copolymer lipid conju- 
gate is between 5-100% of the total hydrophilic polymer 
lipid included in the lipid preparation. 

One exemplary formulation includes 80-90 mole 

15 percent phosphatidylcholine, 1-20 mole percent of poly- 
mer-lipid conjugates, and 0.1-5 mole percent ligand-PEG- 
DSPE, with the diblock polymer lipid conjugate making up 
20-100 percent of the total hydrophilic polymer lipid 
conjugates. Cholesterol may be included in the formula- 

20 tion at between about 1-50 mole percent. Preparation of 
an exemplary liposome formulation is described in Example 
7 . 

Another procedure suitable for preparation of the 
fusogenic liposomes of the present invention involves 

25 diffusion of polymer-lipid conjugates into preformed 
liposomes. In this method, liposomes with an entrapped 
therapeutic agent are prepared from vesicle- forming 
lipids. The preformed liposomes are added to a solution 
containing a concentrated dispersion of micelles of 

30 polymer-lipid diblock conjugates and optionally, ligand- 
PEG-DSPE, and the mixture is incubated under conditions 
effective to achieve insertion of the micellar lipids 
into the preformed liposomes. An advantage of this 
method is that the hydrophobic polymer moiety in the 

35 diblock lipid is confined to the outer lipid layer of the 
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liposomes, and is therefore potentially less destabili- 
zing than when the diblock component is incorporated into 
all of the lipid layers forming the liposomes. 

Alternatively, the liposomes may be preformed with 
5 the directly linked hydrophilic polymer lipid, and 
incubated under lipid exchange conditions with the 
diblock polymer conjugate, to exchange the diblock lipid 
into the outer liposome layer. 

The therapeutic or diagnostic agent to be admini- 

10 stered to cells, via cell fusion, in accordance with the 
invention, may be incorporated into liposomes by standard 
methods, including (i) passive entrapment of a water- 
soluble compound by hydrating a lipid film with an 
aqueous solution of the agent, (ii) passive entrapment of 

15 a lipophilic compound by hydrating a lipid film con- 
taining the agent, and (iii) loading an ionizable drug 
against an inside/outside liposome pH gradient. Other 
methods, such as reverse evaporation phase liposome 
preparation, are also available. 

2 0 The fusogenic liposomes of the invention are 

preferably prepared to have substantially homogeneous 
sizes in a selected size range, typically between about 
0.03 to 0.5 microns. One effective sizing method for 
REVs and MLVs involves extruding an aqueous suspension of 
25 the liposomes through a series of polycarbonate membranes 
having a selected uniform pore size in the range of 0.03 
to 0.2 micron, typically 0.05, 0.08, 0.1, or 0.2 mi- 
crons. The pore size of the membrane corresponds roughly 
to the largest sizes of liposomes produced by extrusion 

3 0 through that membrane, particularly where the preparation 

is extruded two or more times through the same membrane. 
Homogenization methods are also useful for down-sizing 
liposomes to sizes of 100 nm or less (Martin) . 



Ill . utility of Fusoaenic Liposome Composition 

The fusogenic liposome composition described is 
useful in delivering diagnostic or biologically active 
therapeutic agents such as drugs, proteins, genetic 
material or other agents, or receptor molecules, either 
into a cell membrane, a receptor liposome or the cyto- 
plasm of a cell in vivo or in vitro. 

In accordance with the invention, the liposome 
entrapped agent is delivered directly to the cytosol of 
the target cell by liposome fusion with the cells, rather 
than via an endocytotic or phagocytic mechanisms. The 
liposomes are thus particularly advantageous for 
delivering therapeutic agents, such as gene constructs, 
oligonucleotides or oligonucleotide analogs, peptides, 
proteins, and other biological macromolecules , that do 
not readily penetrate a cell membrane by passive or 
active transport. 

The fusogenic liposome composition can be adminis- 
tered in vivo by a variety of routes including subcu- 
taneous, intramuscular, interlesional (to tumors) , 
intertracheal by inhalation, topical, internasal, intra- 
ocular, via direct injection into organs and intravenous. 

A, Administration of Liposome Composition 
The fusogenic liposome composition is designed for 
use in delivering an agent or compound to a target cell, 
either at an in vivo site or to cultures of cells in 
vitro. Delivery of the agent is accomplished by fusion 
of the vesicles with the plasma membrane of the target 
cells, releasing the agent into the cytoplasmic compart- 
ment of the cell. Several applications are discussed 
below. 



1. Delivery of a Therapeutic Agent . A var- 
iety of therapeutic compounds, including general pharma- 
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cologic drugs, peptides and nucleic acids, may have 
limited therapeutic applications because of the problem 
of low uptake into target cells. Using the liposome 
composition of the present invention, entrapped thera- 
5 peutic compound can be delivered to target cells with 
high uptake via vesicle-cell fusion. 

In this general application, fusogenic liposomes 
containing encapsulated drug are administered, e.g., 
intravenously. The fusogenic liposomes, as described 

10 above, may include a specific ligand for targeting to 
cells in need of the entrapped drug. For example, 
liposomes carrying an anti-tumor drug, such as doxo- 
rubicin, can be targeted to the vascular endothelial 
cells of tumors by including a VEGF ligand in the lipo- 

15 some, for selective attachment to Flk-1,2 receptors 
expressed on the proliferating tumor endothelial cells. 
The hydrophilic coating on the liposomes protects the 
liposomes from uptake by the reticuloendothelial system, 
providing a long blood circulation lifetime for more 

20 effective targeting. At the same time, the ligand, 
attached to the distal ends of lipid-anchored hydrophilic 
polymer chains, are exposed for purposes of receptor 
binding and targeting. 

Alternatively, targeting to selected target cells or 

25 tissue may be passive, i.e., through the normal bio- 
distribution of liposomes after administration, without 
the requirement for unshielded ligands. For example, 
long-circulating liposomes having sizes preferably less 
than about 0.2 /xm can accumulate, after IV administra- 

30 tion, at solid tumor region sites, or sites of inflam- 
mation, via extravasation through compromised vascula- 
ture . 

When the liposomes have reached a selected target 
site, e.g., by ligand-specif ic binding of the liposomes 
35 to target cells, or accumulation of liposomes in the 
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vicinity of target cells by biodistribution of the 
injected liposomes, the liposomes are contacted at the 
target cells with a chemical agent effective to release 
said chains forming said surface coating. This release 
5 exposes the hydrophobic polymers on the liposome surface 
to the target cells, promoting fusion of the liposomes 
with the target cell surface as described below. 

In one general embodiment, the hydrophilic polymer 
chains are linked to the hydrophobic chains (or directly 
10 to the liposome lipids) via disulfide linkages. In this 
embodiment, the subject is treated, e.g., by IV admini- 
stration, of a reducing agent, such as ascorbate, cys- 
teine, or glutathione. 

In another embodiment, the chemically releasable 
15 linkage may be a pH sensitive bond, where the liposomes 
are targeted to a region, such as a solid-tumor region, 
where a typically lower pH can promote hydrophilic 
polymer fall-off. 

Removable of the hydrophilic polymer chains, in 

2 0 whole or in part, exposes the hydrophobic polymer on the 

liposome surface to the target cell membrane surface. 
The hydrophobic segment, now in an aqueous environment, 
will seek a more favorable, e.g., hydrophobic, environ- 
ment, both in the liposome bilayer and in the adjacent 
25 target cell membrane. The partitioning of the hydro- 
phobic chains into target cells will act both to increase 
the proximity of the liposome to the target cell mem- 
brane, and to destabilize the target cell bilayer, making 
it more susceptible to fusion with the liposome bilayer. 

3 0 A number of strategies can be employed to optimize 

or enhance the efficiency of the fusion event. 

First, it is desirable to increase the tendency of 
the exposed hydrophobic chain to partitioning into the 
target cell bilayer rather than the liposome bilayer. 
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This can be done, in part, by increasing the concentra- 
tion of high phase transition lipids in the liposomes. 

Second, it is desirable to bring the liposomes into 
close proximity with the target membrane. This may be 
done, as discussed above, by providing a shielded ligand 
or positively charged lipid component capable of inter- 
acting with the target membrane, after release of the 
hydrophobic polymers, thus forcing the two bilayers 
closer together. 

Finally, the type and size of the hydrophobic 
polymer chains can be optimized to enhance fusion ef- 
ficiency. The method discussed above for examining the 
ability of hydrophobic polymer chains to lyse erythro- 
cytes can be used to identify optimal polymer size and 
type. 

2, Gene Therapy . Fusogenic liposomes con- 
taining an entrapped gene (cDNA plasmid) are delivered to 
target cells, for ex vivo or in vivo gene therapy. In 
20 the latter case, a gene is directly introduced (intra- 
venously, intraperitoneally , aerosol, etc.) into a 
subject. In ex vivo (or in vitro) gene transfer, the 
gene is introduced into cells after removal of the cells 
from specific tissue of an individual. The transfected 
25 cells are then introduced back into the subject. 

A variety of genes for treatment of various condi- 
tions have been described, and coding sequences for 
specific genes of interest can be retrieved from DNA 
sequence databanks, such as GenBank or EMBL, The 
3 0 selected coding sequences may encode any of a variety of 
different types of proteins or polypeptides, depending on 
the particular application. For example, the fusogenic 
liposome may be used to introduce sequences encoding 
enzymes into, e.gr., stem cells or lymphocytes of indi- 
35 viduals suffering from an enzyme deficiency. For in- 
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stance, in the case of individuals with adenosine 
deaminase (ADA) deficiency, sequences encoding ADA may be 
transfected into stem cells or lymphocytes of such 
individuals , 

5 In related applications, the liposomes may contain 

genes encoding any of a variety of circulating proteins, 
such as a^-antitrypsin, clotting factors (e.g., Factor 
VIII, Factor IX) and globins (e.g., jS-globin, hemo- 
globin) , for the treatment of hemophilia, sickle-cell 

10 anemia and other blood-related diseases. Other examples 
of gene coding sequences suitable for use with the 
present invention include sequences encoding structural 
proteins; receptors, such as low density lipoprotein 
receptor (LDL-R) for transfection of hepatocytes to treat 

15 LDL-def icient patients, human CD4 and soluble forms 
thereof, and the like; transmembrane proteins such as 
cystic fibrosis transmembrane conductance regulator 
(CFTR) for treatment of cystic fibrosis patients; signal- 
ling molecules; cytokines, such as various growth factors 

20 (e.g., TGF-a, TGF-i8, EGF, FGF, IGF, NGF, PDGF, CGF, CSF, 
SCF) , interleukins, interferons, erythropoietin, and the 
like, as well as receptors for such cytokines; anti- 
bodies, including chimeric antibodies; genes useful in 
targeting malignant tumors (e.g., malignant melanoma by 

25 transformation of, e.g., tumor-infiltrating lymphocytes, 
TIL) , tumor suppressor genes such as p53 or RB genes that 
regulate apoptosis such as Bel -2 gene for thymidine 
kinase followed . by ganciclovir gene for cytosine 
deaminase followed by 5-f luorocytosine gene for over 

3 0 expression of MDR-1 gene product to protect normal cells 
from cytotoxic chemotherapy, with genes deleterious to 
tumors, such as tumor necrosis factor, leukemia inhibi- 
tory factor, or various other toxic genes; hormones, such 
as insulin and growth hormone; transcriptional and 

3 5 translational regulatory elements; and the like. The 



1 1^ 



37 

liposomes may also encode enzymes to convert a non- 
cytotoxic prodrug into a cytotoxic drug in tumor cells or 
tumor-adjacent endothelial cells. 

In one embodiment of the invention, the liposomes 
5 contain a polynucleotide designed to be incorporated into 
the genome of the target cell or designed for autologous 
replication within the cell. In another embodiment, the 
compound entrapped in the lipid vesicles is an oligo- 
nucleotide segment designed for sequence-specific binding 

10 to cellular RNA or DNA. 

Polynucleotides, oligonucleotides, other nucleic 
acids, such as a DNA plasmid, can be entrapped in the 
liposome by condensing the nucleic acid in single-mole- 
cule form. The nucleic acid is suspended in an aqueous 

15 medium containing spermine, spermidine, histone, lysine, 
mixtures thereof, or other suitable polycationic con- 
densing agent, under conditions effective to condense the 
nucleic acid into small particles, as described in 
Example 8. The solution of condensed nucleic acid 

20 molecules is used to rehydrate a dried lipid film to form 
liposomes with the condensed nucleic acid in entrapped 
form. 

B . Use in In Vitro Assays 

25 The fusogenic liposome composition may be targeted 

to a cell or a target liposome in vitro for use in a 
homogenous immunoassay format . 

In this application, the fusion event introduces an 
effector molecule carried in the fusogenic liposome into 

30 the target cell, e.g., into a biological cell or another 
liposome. The effector molecule interacts with a com- 
pound contained in the target cell to produce a 
measurable signal . 
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IV. EXAMPLES 

The following examples illustrate methods of pre- 
paring, characterizing, and using the fusogenic liposomes 
of the present invention. The examples are in no way 
intended to limit the scope of the invention. 

Example 1 

Preparation of Di-PEG-PPO Copolvmer for 
Fusion Activity Screening 

A. Preparation of N-succinimidyl- (2- (q methoxypoly- (oxy- 
ethylene) -a-aminocarbonyl) ethyl -diothiopropionate Inter- 
mediate , (mPEG-DTP-QSu) 

This synthetic scheme is illustrated in Fig. 4. N- 
succinimidyl - (2- (cj-methoxypoly (oxyethylene ) -of-amino- 
carbonyl) ethyl -diothiopropionate (compound III) , is 
prepared according to the method of Kirpotin, 1996. 

A solution of dithiobis (succinimidyl propionate) 
(873 mg, 2mmol) (DTSP, compound II), prepared from 
dithiodipropionic acid (Aldrich, Milwaukee, WI) , is 
dissolved in dimethylf ormamide (10 ml) and treated with 
methoxypoly (ethylene glycol) amine (2g, Immol) , mPEG-NHs 
(compound I) , prepared according to the method of 
Zalipsky (Zalipsky, 1983) , and triethylamine (140 ml) . 
The resulting N-succinimidyl ester polymer intermediate, 
N-succinimidyl- (2- (co-methoxypoly (oxyethylene) -of-amino- 
carbonyl) ethyl -diothiopropionate (mPEG-DTP-OSu, compound 
III) is then purified by recrystallization twice from 
isopropanol, followed by drying in vacuo over phosphorus 
pentoxide, to remove residual water. The intermediate is 
characterized by NMR, using deuterated methanol as 
solvent., 'H-NMR (CD3OD) : 5 2.6 (m, SCH2CH2CON) , 2,85 (s, 
Su, 4H) , 3.0 (overlapping m, SCH2CH2CO2-SU and SCH2CH2CON) , 
3.38 (s, CH3, #h) , 3.64 (s, PEG, -180H) . The composition 
of the product mixture, i.e., the relative amount of 
mono-PEG-ylated (mPEG-DTP-OSu) to di-PEG-ylated dithiodi- 
propionate product (mPEG)2DTP, is determined by comparing 
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the relative integrations of peaks at 2.6 ppm and 2.85 
ppm downfield from TMS, assigned to the desired suc- 
cinate, versus a resonance at 3.0 ppm, assigned to 
(mPEG)2DTP. 

5 

B , Triblock Copolymer Preparation 

PPO-diamine, containing two terminal primary amino 
groups (compound IV) , is stirred in methylene chloride 
until dissolved. To this solution is added a slight 

10 excess (1.2 equivalents) of mPEG-DTP-OSu (compound III). 
The reaction mixture is then stirred for several hours at 
room temperature. Reaction progress is monitored by TLC; 
completion is indicated by the disappearance of a spot 
corresponding to PPO-diamine. The di-PEGylated PPO 

15 product, di (mPEG-amido-DTP-amido) PPO (compound V), is 
purified by column chromatography on silica gel, followed 
by characterization by NMR spectroscopy (CDCI3) to 
confirm the absence of any remaining mono-PEGylated PPO 
product . 

20 

C . Method of Screening for Fusion Promoting Activity of 
Hydrophobic Polymers 

The tri-block copolymer (compound V) prepared as 

described above is solubilized in an aqueous medium, such 

25 as isotonic saline, pH 7.4. The solubilized polymer is 
added to an aqueous suspension of washed red blood cells 
and dithiotreitol is added to reduce the disulfide 
linkages, cleaving the disulfide bonds. 

The sample is incubated for 10 minutes on ice and 

30 then transferred to 37*^C for 1 hour. Hemolysis of the 
red blood cells is measured by centrifuging the sample at 
1000 rpm for 5 minutes, removing the supernatant and 
measuring the optical density of the supernatant. 
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Example 2 

Preparation of a Diblock Copolyiaer-Lipid 
Conjugate mPEG-DTP-amido-PPO-DSPE 

A. Preparation of a Lipidized Hydrophobic Polymer Inter- 
mediate. AMINO- PPQ-DSPE (Compound IX) 

Distearylphosphatidylglycerol (DSPG, compound VI 

Fig. 6A) is treated with sodium periodate (NaI04) as 

described by Torchilin. The resulting oxidized product, 

oxidized-DSPE (compound VII) , is then reductively 

aminated with an excess of polypropylene oxide diamine 

(diamino-PPO, compound VIII) (e.g., Jef famine®, Texaco, 

Houston, TX) in the presence of NaCNBH3, to form the 

desired amino- linked lipid-f unctionalized hydrophobic 

polymer, amino-PPO-DSPE (compound IX, Fig. 6A) . 

B . Preparation of a Diblock Copolymer- Lipid Conjugate. mPEG- 
DTP-AMIDO- PPQ-DSPE (compound X) 

The desired conjugate, mPEG-DTP-amido-PPO-DSPE 
(compound X) , having a hydrophilic terminal block poly- 
mer, PEG, an internal cleavable disulfide bond, and a 
hydrophobic polypropylene oxide block attached to a 
terminal lipid, is prepared by coupling the intermediates 
prepared as described in Examples lA and 2A above, PEG- 
DTP-OSu (compound III) and amino-PPO-DSPE (compound IX) 
to form the desired copolymer lipid conjugate product, 
mPEG-DTP-amido-PPO-DSPE (compound X) . 

mPEG-DTP-OSu (compound III) is prepared as described 
above in Example lA and dissolved in CHCI3 . An equimolar 
amount of amino-PPO-DSPE (compound IX) is added to the 
CHCI3 solution of mPEG-DTP-OSu and incubated, in the 
presence of triethylamine , at 45°C until clarified. The 
product (compound X) is purified as described by 
Zalipsky, 1993 and the purified product is then char- 
acterized by ^H NMR. The absence of protons assignable 
to the reactive succinate group indicate coupling of the 
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two polymer portions to form the desired product. This 
reaction scheme is summarized in Figs. 6A-5B. 



Example 3 

5 

Preparation of Copolvitier-Lipid Conjugate 
Linked by a Disulfide Bond Having 
Increased Lability 

The preparation of a disulfide interlinked mPEG-PPO- 

10 DSPE conjugate containing a modified disulfide linkage 
having increased susceptibility to cleavage (e.g., 
thiolysis and/or hydrolysis) is carried out as described 
below and illustrated in Fig. 7. 

Met hoxypoly (ethylene glycol) thiol , mPEG-SH (compound 

15 XI), is prepared according to the method of Zalipsky 
(1987) . To a solution of mPEG-SH (compound XI) in water 
or dimethylf ormamide is added an excess of 5'5'- 
dithiobis (2-nitrobenzoic acid) , "Ellman's reagent" 
(compound XII) and the resulting reaction mixture is 

20 allowed to stir at room temperature (20-25^C) . The 
reaction is monitored by TLC for disappearance of mPEG- 
thiol starting material, or alternatively, may be fol- 
lowed by IR analysis (S-H stretch) of aliquots of the 
reaction mixture. The resulting mixed disulfide product, 

25 mPEG-3-carboxy-4-nitrophenyl disulfide (compound XIII) , 
is then recovered by silica gel column chromatography and 
purified. The resulting disulfide is characterized by 
NMR spectroscopy, and the relative integrations (peak 
areas) of upfield resonances assignable to the PEG 

30 portion of the molecule, and those of peaks corresponding 
to aromatic protons on the substituted phenyl ring, are 
compared to determine the extent of di-PEGylated di- 
sulfide side product, di (mPEG) disulfide , formed. 

The mixed disulfide, mPEG-3-carboxy-4-nitrophenyl 

35 disulfide (compound XIII) , is completely dissolved in 
methylene chloride. To this resulting solution is added 



42 

amino- PPO-DSPE (compound IX) , prepared as described in 
Example 2A above, and the coupling agent dicyclo-hexyl- 
carbodiimide (DCC, compound XIV) . The resulting reaction 
mixture is stirred overnight at room temperature until 
5 complete disappearance of H2H-PPO-DSPE is observed, as 
determined by TLC. The resulting copolymer-lipid surfac- 
tant product, mPEG- (3 -amido-PPO-DSPE) - (4 -nitrophenyl) di- 
sulfide (compound XV) is purified by silica gel column 
chromatography and characterized by NMR. The modified 
10 disulfide product possesses enhanced susceptibility to 
cleavage of the disulfide linkage, e.g., attack by an 
incoming thiol such as cysteine, or glutathione. 

Example 4 

15 In vivo Administration of Releasable 

PEG Liposomes 

A. Liposome Formulations 

Cationic liposomes having a surface coating of PEG 
and complexed to a lucif erase-bearing plasmid were 
20 prepared as follows. 

B . Preparation of Cationic Liposome/Plasmid Complex 
Cationic liposomes composed of the lipids dimethyl- 

dioctadecylammonium and cholesterol (DDAB:CHOL) were 
25 prepared according to standard procedures by dissolving 
10 /imole DDAB and 10 /xmole CHOL in an organic solvent 
containing primarily CHCI3. The lipid solution was dried 
as a thin film by rotation under reduced pressure. The 
lipid film was hydrated by the addition of the desired 
30 aqueous phase, e.g., water, saline or buffer, to form 
liposomes (at a total lipid concentration of 20 /xmole/ml) 
which were sized by sonication or by sequential extrusion 
through Nucleopore polycarbonate membranes with pore 
sizes of 0.4 /im, 0.2 fxm, 0.1 ^m and 0.05 ixm to obtain 
35 liposomes of 100-150 nm in size. 
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A lucif erase plasmid was used as a report gene. The 
plasmid was condensed for complexing with the cationic 
liposomes by adding 100 fxl of a solution containing 1 
mg/ml total histone in an aqueous medium to 400 /xl of 
5 solubilized plasmid (1 mg plasmid/ml) . The condensed 
plasmid had an average diameter of approximately 150 nm, 
as measured by dynamic light scattering. 

Cationic liposome/condensed plasmid complexes were 
prepared by adding 280 /xl of the cationic liposome 
10 suspension (20 /xmole/ml) to 500 /xl of the histone-con- 
densed plasmid particles. The liposome-plasmid complexes 
had an average diameter of about 200 nm, as measured by 
dynamic light scattering. 

15 C . Insertion of PEG 

Distearyl phosphatidylethanolamine (DSPE) was 
derivatized with PEG, as described by Zalipsky, 1992a. 
PEG-DSPE micelles were prepared from PEG-DSPE by dis- 
solving 1 mM in water and sonicating. 

20 Micelles of PEG-DTP-DSPE, that is, PEG attached to 

DSPE by a cleavable disulfide linkage (compound XV, 
prepared as described above in Example 2B) , were prepared 
by dissolving 1 mM PEG-DTP-DSPE in water and sonicating. 

Liposomes containing 2.5 mole percent of PEG-DSPE 

25 were prepared by adding 140 /xl of the PEG-DSPE micelle 
suspension (1 /xmole lipid/ml) to 5.6 /xmoles lipid of the 
cationic lipid-plasmid complexes. The micelle-complex 
suspension was incubated for 5 minutes at room tempera- 
ture with gentle vortexing to achieve insertion of the 

30 PEG-DSPE into the cationic liposomes (Uster) . This 
liposome formulation is indicted in Figs. 8A-8B as "PEG". 

Liposomes containing 1 mole percent of PEG-DSPE and 
1 mole percent of PEG-DTP-DSPE were prepared as described 
above for the 2.5% PEG-DSPE liposomal composition, except 

35 the cationic liposome-plasmid complex was incubated with 
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micelles of PEG-DSPE and PEG-DTP-DSPE to form liposomes 
having a surface coating of PEG chains, where half of the 
PEG chains were releasably attached to the liposome 
surface. This liposome formulation is indicted in Figs. 
5 8A-8B as "PEG + R-PEG" . 

Liposomes containing 2.5 mole percent of PEG-DTP- 
DSPE were prepared as described above, except the total 
amount of PEG included was PEG-DTP-DSPE . This liposome 
formulation is indicted in Figs. 8A-8B as "R-PEG". 

10 

D. In vivo Administration 

The PEG-coated cationic liposome-plasmid complexes 
were administered to BALB/c mice obtained from Simonsen 
Laboratories (Gilroy, CA) by injection of about 100 

15 nmoles lipid in 0.2-0.25 ml (approximately 100 ptg plas- 
mid) into the tail veins of 3 mice. 5 minutes after 
administration of the liposomes, 250 fxl of 100 mM cys- 
teine was injected via tail vein into each mouse. 24 
hours after injection, the mice were sacrificed and 

20 tissues (lung, liver) were collected following perfusion 
with heparinized PBS (4°C) under anesthesia. 

At a temperature of between 0.4°C, 0.75 ml cell 
lysis reagent (Promega, Madison, WI) was added to each 
tissue, and the tissue was homogenized by 1 minute at 

25 20,000 rpm. The supernatant was removed to a micro- 
centrifuge tube and spun at 10,000 g for 5 minutes. The 
supernatant was collected for luciferase and protein 
assays. 20 /xl of each sample was measured immediately by 
a luminometer (100 fxl of luciferin and ATP containing 

30 assay buffer, 10 second measurement) . The relative light 
unit was normalized by the amount of protein in the 
extracts . 

The results are shown in Figs. 8A-8B. 
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Example 5 
Preparation of Folic Acid-PEG-DSPE 

Because folic acid is light sensitive, this pro- 
cedure is performed under light protected conditions. As 
5 illustrated in Fig. 9A, folic acid (compound XVI, 25 mg 
5.6 X 10 *^ 1.6 equiv.), amino- PEG- DSPE (compound XVII, 97 
mg, 3.4 x 10"^, 1 equiv., prepared as described in 
Zalipsky (1994) ) and N-hydroxy-s-norbornene-2 , 3-di- 
carboxylic acid imide (HONB, 10 mg, 5.5 x 10'^, 1.6 
10 equiv.) were dissolved into DMSO (1.0 ml) and pyridine 
(0.5 ml) . 

The mixture was stirred until completely dissolved. 
Dicyclohexyl-carbodiimide (DCC, 32 mg, 1.5 x 10"\ 4.4 
equiv.) was added to initiate the reaction. The mixture 

15 was stirred at room temperature for four hours and 
completion of reaction to form folic acid-PEG-DSPE 
(compound XVIII) was confirmed by TLC (amino- PEG-DSPE 
should be absent) . Pyridine was then evaporated from the 
reacted mixture. 

20 For the TLC, the samples were dissolved in 50/xl DMSO 

and diluted with 1.0 ml chloroform. The reaction mix- 
tures were diluted with chloroform in order to dissolve 
folic acid. Matrix matching with DMSO maintains the RF 
value between samples. The TLC running solvents were: 

25 (1) isopropyl alcohol/ammonia/water 10:1:2 

(requires 40 minutes) , and 

(2) chlorof orm/methanol/water 75:30:5 (re- 
quires 14 minutes) . 

30 Visualization techniques are U.V. and Dragendorff spray. 
The RF values and visualization techniques in TLC sol- 
vents were: 
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RF Value 


U. V. 


Dragendorf f 


solvent 
system (1) 


solvent 
system (2) 


Folic acid 


0 . 21 


0.0 


+ 




NHjPEG-DSPE 


0 . 36 


0. 84 




+ 


folic acid- 
PEG-DSPE 


0 . 52 


0. 59 


+ 


+ 



Example 6 
Preparation of Pyridoxal-PEG-DSPE 

Pyridoxal (compound XIX) and hydrazide-derivatized 
10 PEG attached to DSPE (compound XX, prepared as described 
in Zalipsky (1993)) are mixed at room temperature (20- 
25°C) in DMF to form the pyridoxal -PEG-DSPE conjugate 
(compound XXI) shown in Fig. 9B . 

15 Example 7 

Liposome Preparation 

Fusogenic liposomes are prepared according to 
standard procedures by dissolving in chloroform the 
following lipids: 85 mole percent distearyl phosphatidy- 

20 Iglycerol (DSPG) , 10 mole percent of the copolymer-lipid 
conjugate prepared as described in Example 2, 1 mole 
percent of ligand-PEG-DSPE, prepared as described in 
Examples 5 or 6, and 4 mole percent cholesterol. The 
lipids are dried as a thin film by rotation under reduced 

25 pressure. The lipid film is hydrated by addition of an 
aqueous phase to form liposomes which are sized by 
sonication or by sequential extrusion through Nucleopore 
polycarbonate membranes with pore sizes of 0.4 fim, 0.2 
^m, 0,1 /im and 0.5 fim to obtain liposomes of 100-150 nm 

30 in size. 
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Example 8 

Liposomes with Entrapped DNA Plasmid 

DNA plasmid pGL3 (Promega Corporation, Madison, 
WI) is condensed with spermidine (free base, Sigma 
5 Chemical Co (St Louis, MO)) and then entrapped in fuso- 
genic liposomes as follows. 

A 10 mM Tris buffer solution, pH 7.5, containing 0.1 
mM spermidine is prepared. To 1 ml of the buffer solu- 
tion (14.52 fig spermidine) , 30 fig of the plasmid is added 
10 from an aqueous solution containing 0.6 fig pGL3/^l. The 
plasmid-spermidine solution, containing about 2 fig 
plasmid//xg spermidine, is mixed to form condensed, single 
molecules of pGL3 . 

A dried lipid film is prepared as described in 
15 Example 7, and then rehydrated with the plasmid-spermi- 
dine solution to form fusogenic liposomes having en- 
trapped, condensed pGL3 plasmid molecules. 

Although the invention has been described with 
respect to particular embodiments, it will be apparent to 
20 those skilled in the art that various changes and modifi- 
cations can be made without departing from the invention. 



